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iw*ii 2 1 if *^ 1 ^m<nmm^mw-(om^:}jm 

{iJav^T, tfrlHS«;dS3 0 0'C{wi^bfc£t^{r^fe^;K 

/4S 1 2 0 ot;=srjffi;?L5*(ric. m^^mmnif:^si^<K>m 

1 2 0 0*CSrM±'Sv^a*t;i*;KSrADIiai-5 :ztX-mm 

m^m 6 1 it*^ 5 ^m(Dmm^^^i^<D^-m:f3m 

12 0 O'C^a;t;iV>0Tfe?a«teiai;iStllS^«Sr*BfKi^* 
[it*«7] it*«5fa«few^'fkifei|«^««JWAgft*& 

[if *il 8 ] 7 IS«(^^-fb#)*^fls:<D^ft:^ffi 

mm^ 120 O'C^riSx 5 a»SmJ!^i|si-:;<f;^«^ 



[0001] 

[0 0 0 2] 

trior /i$l^rv^-5, 
[0 0 0 3] :z(Dm-^. -^y r^T^m.\\L'mMt^hfl^ 

m&B(Dmm^mw^ifm'vx\^^^„ 

[0004] 

[0 0 0 5] Z(DXo^£^J:A\ h"7-f h'Mmf^^m 

[ 0 0 0 6 ] i: r ;E.;5^ *SfBl4<o^-fli!|^i|i^flj*«± 

^g*#tl. \^%fzMtL^iXX\-^fit^^f^. 
[0 0 0 7] ^rr^^BJli. ^*mT-^§:3t*T-ir» 

[0 0 0 8] 

[^s^^*i-^fcA(^#^] e./^g^^isrjs^-t- 
M ;t ^ W a CD iliisi- Sr 58 t- 
[0 0 0 9] ;i(Oj;5^illi<^:^iSTli> S-fU'^^^f*: 
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-^-CfcoTfc. '>^C< fbS^WjfiS^Sl 2 00'C(rj^ 

[0 o 1 0] *fc*^l^ro^2w::^&ii. i 2 o CCSr 

[00 11] :i(^j;5'Sll2<o:^}£-ef4. i^fBtt</5^'fl: 
un^mit^'^^:it^£<mi^mm<r>i)-—^^i^i^ 9—=- 

10 0 121 

[0013] la 1 (4^1tJ^li<0S^biilij^^#:<OfiS;«t^ffl 
V^SMOCVD (metal organic-CVD) iSH<^— ^iJSr^ 

i-«EB&|g|r'fc?., ;i(DMOcvD^»(i, 
th^^kt-r^o i^t^. RjE&^Hrji. SJE&Wirt(vi;if 

4 i4Mf$3£e 10 1 \zmm^nx\f^^, 

10 0 14] tt^e=7-rV3*5j:tJ?. I^SISSl OIK 

««g§n;t-<:/ h7-f V4lri±, (N) i^i|s|-i:UT 

7K^;«f^«^#S6. ;tfy??A (Ga) mntvxhv 

y5^/U;ifye/A (TMG) Sr«t*a-r5fcJ6(Dmi#t^f= 
7, iy]) =!>■ (Si) H^isfir LXt^ K^^^/i-iX^^Sr 

2» A $ S n S^ffei^ T- 5 1 1 i- 5 o 
[0015] S7t. T>'^::^T;y^tt|&#i^5i4. 
yV5a, V5 b^^LT#tiP&'i=7'f :/3*iJ;U<'<> h 
7'rV4{C»M$iX-T:v^5, :ii75TV* = T;!/>^#t*&# 
^ 5 /</P7'V 5a, V 5 b J; 9 tijjftft'Jf^lijSfi^iJ 

'0U (-^^yn — nv-hn — 7) F 5 dS1i;t 6>tt-CV^ 



5. 

[0 0 16] ^bic, 7K5^;<f;^#fei^#^ 6(^:14, tK^M 
^-f 3 i (7)F^*3 J;l>*'<:x ^ 4 i: OF^ ic-tti-^lx 

[0017] ^ b-C, m 1 7 /^/Uy'V 7 a , 

V7 h^^VXW^'S94'^3isXt^^:^h74>'4\z 
«ig£$^^■cv^:5, r<7?»m*&l=7{4. mi^SfS (^:i 
-ei4TMG) ^mm^titzy<y7 1 1 lc:»M$ixTV> 
5o Z(D^<-:fv 1 1 tcu±> 7K^:^;^*C'ft:^e6 a 7i»5>(D 
^fl*t=*5»fDa:*jmi5F 7^if^L-r»^§n. 

m^iy<-:fy i i i^t;iflf«$H/cTMGi^iciaB^tb-CV> 

[0 0 18] ^itmmi^. m2W^<e8i±. y</uyv8 

a, V8 bSr^bT#fc^l=7'fV3*3j;t^♦'<>-^7-l'V 
4iC«^$^^TV^S„ w<D^2tt^«8(4. JH^^jg 
(r.CT-{47^ N^^^^-Wv-^v) /4SW=«^ix;tx<y7 1 

2^rM«c^^^TV^S„ r.ro/^y^ 1 2ic:ti:. 7K*:«';^*e 
-fbasme a /5^bro^tel=^5»(ta:$ijffligBF 8 ^:n-brs»g 

[0 0 19] eticoi 9/i«^cOMOCVDy§il-ei4, 

r T ;^ 5 75^ p> $ ix^c r r 

7-l'^'3 5:^LTS*£:Wll*3}::^A$*tS„ r<^Bg. 

[0 0 2 0] 7i(.mmitmme a\zi:oxmmAit 
ntz.mmxm'i^'^9-(:^3^ifvi-xRjt^ i f^tc^sA^ 

[0 0 2 1 ] 4fc. Tk^M-ffiSSe a \zi:-oxmm&it 
^ivtc7i^m:>t:^i-i. V Tytf:^ tVXy<yy 1 lfH<D 

5, rti-tcJ:-D-C#^^^7 1 1. 1 2C»^n-eti.*='b, 

^l-m 1 7 ^fctt^ 2 8 bT#t^«=7 

-('V3frWi^$n, $bl3SiS;'ffirt»^#t*&$ix-5, r 

{C^(tfc»fDfi*J^g|5F 7, F 8 ^fflV^-C7X*;«f;^?jfEfi?: 

^vxmim^i^<$^7izmwi^i%timi^^^ii. y</i-y^7 

a. 7 bfr J;oT#tMW9-Y ^3 ir-^v h^'1'^'4 
2#fe*&'ff8tc:ai5i$ixfcJ^^;«f;^tt, ^^7u:/8 a, 8 b 

[0022] — :*f. MSSr^fT 5 »«W{i. Slt^^ 1 rtco 
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10.0 2 31 1^^, mtm^mi^tLxyt^^m (b) 

*fc, ^'fbi^^^f$:<!;LTryi-5^>i7^ (A 1 ) 5r«A 

mWtVX4'^i;^<>M, (In) Sr«Ai--5«-^(^li. 4 
Srffiv^?,. ;i*iejrolg!|sf(±, i; AJ!^.!|6|-;^f;^fflwJ^ijs^• 
:^mif^m<omn^m^^xii&^\ &h\czzx'\-i. s^y 

m^^xhSi^\ 

10 0 2 51 $fe-r. MO c V Dasgws/^;;** i wf-t 
5, 

[0 0 2 6] ftJC, S^WC0ADfSiSrM*^i--5i:*lc. S 
^f^lff^^iori^^-r:^:^ (NH3) <ott*SSrM*6-r 
-So i^i, Rita's lf^^<OT>'=^=^T:ff:^<o^l^\^. 

*s -5 eft L fcm r- o T t> V \ 
(0 0 2 71 -eUT, f*3fwT>^-T;!/;;=^Sr#t 

g(i9 0 0'C«±, 1 3 0 O-C&lTWtBfflx ^ff^L<li 
lOOO'CWi. 1 2 0 0'=CUJlT«^«5ia{'|g:$$ix.5o 
iiT-H-^Jt LT, Afeftiaaxg^rl 1 00t;i:L 

»«wsri 1 0 ox^iz^x-mi^MAx^m.-r^o 

[0 0 2 8] ^vxmz. rttrr^^^^T;!/;^ 



(TMG) <oKJ$;t=i i^J'-t^^^^Mi^i-sr tir ± 

mm$mmmit^m.mT s »i^«HMfi«T s iz/a^ - 
ti^r-. j^^miih'i^m aimmnm^^mmuA) ts 
[0 0 2 9] 4/c:i:i-c-J4. *«w*si 1 oo'Ctcii-e 

i|5:^flc<^^ftXe{r*3V^T. *«W(^?aA*S 1 2 0 cc 
[0 0 3 0] ^tL:z.<Dm. *«WO?a«45 3 0 o"t;ic* 

■r-#?a§ti-fcwi^{cTMG(otti&2:M*6i-5 r t Tim-^ 
Lv\ *fc$e>ic$?*L<li, S«W(Diaft^J4 0 ot: 

[0 0 3 1 ] -^tLT, IIIgiJS!iSfi:/j:-5TMGroS:tt>f= 
1 F*3'^W#ti^S:Hi&-r5 i: lll^t;i. ^FJfifiif&i: LT<OS i 

[0 0 3 2] *fcw(^5^(^=§-i^i|sF;*f;^<D»iE»l4. —Wit 

UTTV-=e=.T;«f:x*S 1 O s 1 m (standard liter/mi 
nutes : ^2i;yt^"CCD liter /minutes) , TMG/i5 5 0 
/I mo 1 /m i n. 7" h7^^/'V'->^://5S 1 . 5X10 

y m o 1 /m i n IClS^^ixSo 
[003 31 U±<D XoK. 1 l^--IIII^J!S!|S|- 

(TMG) (D^'^^mitb-r^'tizx'o. ^<Dm<oui 
*A®) mummm(D^^t¥o (i- 

[0 0 3 4] ^Wtt, S«W<DmftSrBff^WAS;ft?a«T 
g (^x.tfl 1 0 0*0 tc«1^L;t*t«g-e, SJ£:fl=li^ 

^mi^n^Mmmtiimmmzm i^tz. t:L^x% m.jt-'s i 
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[0 0 3 51 :i:i-c-Ei3»cfi, mimmmmicm^^m. 

g i^ia-r^tfio. sigw<7??aS/55 120 ottxTco^sa 

a,, 

[0 0 3 61 milllfeJ^^t:i«S»tg<7>ffift->'- 

^v;^l±. E12*Jj;t;?|2I3(r;T^L/cJ;9lc:, S;Kw<o# 

12 0 o'x:^m^^&.wnz^mw±^<Dmt^^^m-i$^<D 

i^(o^Mn:mzi6\,^x. S«w<d}£S;Os 120 CCUJIT 
*b-C;)^f5 2 0^>SrM;tSflfI{^, 1 rt--WTMG 

[0 0 3 7] JWJk^J; ^^i^-fti^^ilftrcD^Sl^iSicJ; 

s^sw(^)a«/5s 1 2 0 cc^^x-sttici. rcos 
mmzM vxm.mmn:ff^x$}^T >^~r^:^ t 

a[;65 1 2 O 0'C5r®;tSfltl!c. S«W^ffilJ:*f-r5g'ft: 
[0 0 3 81 -iS<D^-ffc;i^i}^^<$:(Dj5S;*XmtC*5 

v^T, W^(r>m&1fi 1 2 0 0'CEATt-«i±e>Jx54i^ 

fctt. s«w(Z)iaap7SSfigfiasT. g \z.mvx*^it> 20^ 
m.mi:^ (o^m^mt^-r^ z.tx. x«w«s;55ii5ia# 

[0 0 3 91 Ufc^SoT. «SD4^tS*3J:t;«3g^«^^sft 

[0 0 4 0] i<D^*. i^rm\±(Dmm^mm^hti:^ 



[0 0 4 1 ] ms !^W^M.^T g = 1 1 0 CCtwiS 

SrS^-fo la5^r^Lfc#7'-^5'S:^#5fc«)ro^'^t:!^^^ 

i-ii •? T'fc (3 , IIlS5i^!pfW?^B^*^?afS T s = 9 0 0 
*3J:tJ«l 0 5 0'C(7?-r-^(4, S;KSrfi)4fiiaS (Tg = 
110 0*0 (w*-C#ia$-Br-5iieo^&aS (9 0 0 
t;. 1 0 5 ot;) trioV^TTMG (iii;^l^,!ls|-;^;^) 

115 O'CiaiJ/l 2 1 O'CWt'— ^'H. 115 
O'C^ytttl 2 1 0'C*T-#M$-a:-CTMG<D*i|&?SrM 

*6b. ^oyr^. (Tg = i i 00*0 k 

^xms-^-^tzm^ff^rnx'^^. 

[004 21 -■:fj. m 7 ICli, ^SM^ T g = 1 2 1 O 

iiz^-rm 'ox'h'o. S:Kw^^Sfi?aST g = 1 2 1 o*c 

= 9 0 0'C. lOSO'C. 1 1 5 0'C*Jit>*l 2 1 ot: 

xTMG<Dm^i:mt^vft<, 

[0 0 4 31 ifti, Bl5*3j;U?|ll7tr*3V^T^ffifi$ m 

hyyt^hJ>,t(Dmm^mm^m&.d (nm) tvx 

[00441 :ittt>|Sl5*5j;t;?|g|7W^7 7tvl^$n?) 

*) T s ;55 1 2 0 0'CJe;TcO«5ia. i^lri 1 5 0"C)WT 
(7)«5HT'{*. TMG<0#t^BS^S?fi^T s 7)5 1 2 0 oT:^ 

[0 0 4 51 Sfc, Ill9tr{4, S.IS''S ir^^<OTMG(D 

II. j5S;«?aftT g = 1 1 o o'=c«i^wiiisiji^i^«^M 

fc„ 09(CStLy5:#'r-^<SrW5y5:*W^'ft:!^i|^^^#:<O 
^ft 43 »t 5 *«wrota* i^:^ *J J: t;!I I I;^JIS^ 

#t^&M*6?aaT s me^m^'^xtfimhtihmmx^ 

t)s UTv^y ='>'Sr2 X 1 0'8<li/cm3(Oit 
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mm^mi^(o&ima-iH e-cd u-i^* 3 

2 5nm) ^fflV^, ^tajCT 7;J- h^-u? ^ s/-fe V;^?!^ 

W^MJ&Stt/iJ 9 0 OX^X'h^m-^^ 1 . 0 i bfcta^ 

[0 04 6] E19(0^7 7(::^$tV-5 J; 9tr. TMG<73 
1 2 0 0°C&lT(^l5ia-C-l4. TMGco#t 

±\cm^!^i\^ztAmm-^^t^o ztuzsavx. tm 

G(Z?^*&BB*&ta«y4S 1 2 0 0X^^m:^1tm^\zfi, 
h/w$;^s/-fe^':^<o^3t;a^^3^fiE!4S9 0 O'CiZJ^-^O? 
0%ma<!:iS</4^o;rc„ ^- LT#t:iJ5gft?a«T g ^ 1 1 
0 O'Ci: Lfc^-^tJlll. TMG(^#t*&M*&?£a/!i5 115 

[0 0 4 71 4fcr S«W(Ojaft/>Si 2 0 ot:Sr 

M x: S M T M G <Dtt^Mi&;4S^^ ^ ix-C V ^ -5 

iaig^is 1 2 O 0'CSre^fc«6H(c^^$ixfc^'(lii^^^ 
[0 0 4 81 W±wll^6?^^i^^:*3V^-c. *«wro 

?a*^S3 0 0'C(c:^T-#?a$n/c^twTMG<D«|gSrB8 

M-rsri:-c, ^mmnt\^xm'i$:^i^l^r^^^=^TA> 

^ztAi^m\zt£^, ^(nm. mm'W(Dum^ 4 o ox: 
[0 0 4 91 (.^2mMmm) mi oi-i^^m(Dmmm 

[0 0 5 01 ^feT. MOCVD^a<OS:i^;«=l rtOTi^-fe 
ri?2±tc:a«w^Sr^gH;£i-5. C(^S«w»4. 

74^ *fc»4f-7T'fT««±lr^Stt(Oa'(C;tfy r^Ag 



[005 1] mz. a«wro*Dl8i4:Mi&i-S S 

#ia $ -tirfc^ -e fe o T t> A V 
[0 0 5 2] ^LT, Sii^W 1 f*3(-T:/^::^r;!/;^^#t 

Sr. 1 2 0 0'CSrex*V>$6BI. »*L<tt8 0 0'C~ 
1 2 0 o'Co^Sffl. $ tjt::^^ L< 14 9 6 ox:— 1 2 0 

SThidSS 0 0"C~1 2 0 0'CW|BH»-*3V^TI4, 2 0 
[0 0 5 31 ^LT. iSri^NfPBl;!»5gi@bfc^j^,-C-. 

i|s|-) i:>a5TMGWR/j;l=lrt'-W#ti|&SrH*61-5o C 

ftTglig O O'CjiJlJi. 1 3 O O'CKATWteHI-^^^ 

[0 0 5 4] *7t. :»^) '^J^W^tfS:^TlAG<r>R^'^m 

i^-^nm^^mif^-r^ tm^\z^ ^mibt\.x(os i 

[0 0 5 5] TMGiJit/T" h^^i^^/Wi^ 

fB®) <Dmitm^m^(j:>. mm^m.mx'(Di^^tmth^ 

fiAT s li^ftM^^ta^T s ic:/^5o -^6<]!-l4±aib 
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[0 0 5 6] •^tz^<Dm<r)^wM:/f^(7:>mmit. —mt 

VXT:^'e=-T^::^i)i\ 0 s 1 m (standard liter/mi 
nutes) , TMGtJSS 0 nmo \ /m i n , 7^ 

5 X 1 0-' <i mo 1 /m i ntrKS$ 

[0 0 5 7] «±<^J:9{rLT. J^amcO^-fbi^^^^*: 

S«Wwa«S: 9 0 0'C~ 1 3 0 O'CcOfigftja^T 

10 0 5 8] KAico J; 9 ^.e^^li!i»#«<$:<73^ft:^)£ic: J: 
y-^v^^^jJl 2 0 0'CS:S;t'iv>S*-C=fT*Ptt-5;i 

[0 0 5 9] -tLT. CW-t^— r/W^' y — ;^>'^^^c:*3^t 
5S«WOfi^^^)fi^^ThW$5H5^8 0 0*C~1 20 0 

X:, »*L< »49 6 ox:~i 2 0 o'ctrs^-f-sc t 

rB^S:2 0^>S^«XL''iV^|Sla^r|S^U3tr i:-C% f-— ^yi^ 
y i^^^w^W^sg-t-^'S r J; oT*«wro« 

[0 0 6 0] R^SWl rt'--(OTMG-^7=^ 

1 2 0 0'C^rM;i7tei^$5IS{::^:S$ttTV^-5r 

[0 0 6 1 ] m 1 1 ±^L-timmvf<D^wumT 
mm^m) t<Dmmi^-r. mi ii:i^%Lfc#x-^ 

^fifiT g = 1 1 O O'CI.Z.m&L-XTMGioX.XfT' 



hAirwMPiSr^ffi^SA d (mih) iUr^^Ufco 

[0 0 6 2] rOEll 1 cDiT'^ J; ^> i-, S 

S^bfc^-^Jiltt, S;KW(D^maaT h;45 1 2 0 0*C 

iff ^'ft:!|^il^»#:;4S W± Jl^fig $ ?) r t *3 
-So a^WcO^^maST h;SS 9 6 or- 12 0 0 

[0 0 6 3] i t? , S«W<D?£a/4St^j^^aaT h 

izmvxA^h(o^w^m^3^^im^vtz.m^\zii^ i 

2 O 0'CSr^ffi;t*v^^5ffl^c^smfiST h sris^-rs :i t 

[0 0 6 4] *fcr:i-r-, ■Kj^^W3:»-i: bfc^-^lr 
\z^^Vxnhixfz.mm^n^mz:}a\,^X]-i. ^^mjj 

mm±iz^^ $ •^itmm^mt^ t <K>^m\zmtz. \z%^ 

^m^m'^^hicy^x^^^^Ltiimm^i^tz, rnt-^j-u 
-c, ^«w<o»maaT h s: 1 2 5 ox,\zw^\^xnh 
h.-k.mm^Mmzifi\^x\±. m=f-'mtim^m.\zii:^m: 

[006 5] El 1 3 \Z\i, mmw^ij^ntSMT h I'i^U 

(mm^M) t <om^^^-r<, mi siz^n 

bfc#7'-^ %:m>itit(Dmm^mi^<r>^»\zi3\f?y 

s^wcossEv'— '^■^'^1*. la 1 4 tis^-ra t) x^ o , 

»«WSr 110 0'C(7){¥:ma*T hfi*T'#?a$-fr-r# 
{%}$B#PB^S:SiiUfcm, »«WSr^ft?a«T g = 1 1 0 

X. jmm-2 nmcomtm^'^i^^^M^^. ziwzi:^ 
xnhiitzmm^mi^<o»mmm.i»m^mf\-xm^ 

d (.um) t U-C**bfcL„ 

[0 0 6 6] rcolU 1 3C0:i^7 7(::^$n?. i 5 t-. S 

^SW(0?aa;jSl 1 0 OX^(D^Wi^EiThizmVXf)^h<D 
^^mHi. 2 0^>Sre;t5«-e<O|SB-r?{4. 
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[00 6 71 ztii,::X K) . WmKO^m^&T h = i i 

0 o'coji-^. z.<D%^m.m\^m\.xf)^h 2 oh^^mtl 

[00 6 8] ^tzZ:ZX\ *;ffiW<Dtaaf/55{^mfia T h 

\zmvx^^!b<D^mmm^. 2 orj^srs^/iv^^^^twia 
M\.xnhntzmm^mmcjs\> ^x i±. /s^M;^pm 

mi^i.^mm<r>m^^y'^yy(Diii:)7Ammx'h'o . 

(*lt^Ffli5S2 5^<o^{ri4, Jl^rB^;^PIS^tcJ;5« 

10 0 6 91 si±(Df^M. m2mmj^wt<r>m'fm^mi^ 
[0 0 7 01 ±mvfzmmmmKi3\'^xi-i. 

^^B^A 1 ,G a, I n,N (0 ^ 1 . OgxSl, 
O^y^l, O^z^l, u + x + y+z = l) T'S^ 

n 5 1 nmmm t mm tt^hti^ t^^m <omm^^m 
»xhtit£. ^ti:^m^xhoxiiSi< . mm(D^m^ 

[00 7 1 1 *fctA±W=&*Jfe?^®{r*5V^-C(4, ^Stt 

^^m^^mvtzo L/4-L*%H^«. ^-fii#i^*ff±tc 

gs-fCixy^iv (s iOz) ^;4-e>/i.5/<^-:/$rff^^S; 

[0 0 7 21 



[lllffi<7?ffl*/ilft?gi 

C VDigB(;5-0iiJ$r.T^i-«^|S]T'fe5„ 

[0 21 mlmmmm^^i^^f?>m.^t¥o^^mti^<^^^:fJm 

5: Ift i- 5 fc * a« iSA — 'Jr V ;^ — 01J Sr S^-r- 7 

[12131 mimmmm\^iskf^mtm^mi^<^m-m:fjm 

[las 1 ^1 ^J£JF^flS(w43V^-Cfigg?a«T g 1 10 0 
[061 m 5 (Dy^-7\Z^-t^y'-^ ^n^tzib(Dmt 

(la 7 1 mi *jfefl^®t:cioVN-cj*ft?agFT g ^ 1 2 1 o 

<Dmw^^^-ry^^xh?>o 

[El 8 1 [a7(D^'^7tr*-r^7=— ^Sr^#-5fcit><D^-fb 
#3 i<£5^#:(7)^g tc: *3 S ^ ;^ -e fe S o 

[El 91 mlmmmm^zJs\>^x^MmM^ sil 100 

"C @ ^ L T M G W#*&M$&?aS t l&^3S« i: 
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